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(57) ABSTRACT

A filter element for filtering air includes a filter body (2) and
a seal arrangement (3). The seal arrangement includes a seal
member secured onto the filter body (2) extending circumfer-
entially about the filter body (2). The seal member forms a
groove (11) inside the seal member; the groove opening to the
exterior of the seal member on a first side of the seal member
and includes an elastic plastic foam (4) operable to form a seal
is arranged in the groove (11).

9 Claims, 4 Drawing Sheets
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1
FILTER ELEMENT AND METHOD FOR
PRODUCTION THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a bypass continuation application of
international application No. PCT/EP2012/066417 having an
international filing date of Aug. 23, 2012 and designating the
United States, the international application claiming a prior-
ity date of Aug. 28, 2011, based on prior filed German patent
application No. 102011 111 366.9, the entire contents of the
aforesaid international application and the aforesaid German
patent application being incorporated herein by reference.

TECHNICAL FIELD

The present invention concerns a filter element, for
example, for use as an air filter for the intake air of an internal
combustion engine of a motor vehicle. Moreover, a filter
arrangement and a method for producing a corresponding
filter element is disclosed.

In the mounted state, such filter elements are present in
housings or filter receptacles. In this context, the clean air
region is to be separated from the raw air region as tightly as
possible.

BACKGROUND

EP 1813342 A1, for example, discloses a filter element for
the intake air of an internal combustion engine. The filter
element described therein has a filter body with a seal. The
seal comprises a hard component and a soft component
wherein the seal is connected by an adhesive with the filter
body. Due to the hard component which is resting directly on
the housing part, the relative movements relative to this hous-
ing part are to be prevented. The proposed filter element
requires a complex manufacturing process and seals that are
matched to the respective housing shapes.

SUMMARY OF THE INVENTION

It is therefore the object of the present invention to provide
an improved filter.

Accordingly, a filter element is proposed which is provided
with a filter body and a seal that is arranged so as to circum-
ferentially extend about the filter body. In this context, the
seal has a groove in which at least partially an elastic plastic
foam is arranged.

In particular, the seal has preferably a groove in which at
least partially an elastic plastic foam is injected.

The filter element is preferably embodied as a filter ele-
ment for intake air of an internal combustion engine of a
motor vehicle. Moreover, the filter element can be suitable for
filtering operating media, for example, oil, intake air, gasoline
or other fuels or even exhaust gas as a fluid.

The plastic foam which may comprise, for example, poly-
urethane, provides preferably an axial sealing action when the
filter element is inserted. This means that, due to contact
surfaces, axial forces are acting along a longitudinal axis of
the filter element, which is inserted into a housing or a recep-
tacle, on the plastic foam that is compressed thereby and
effects sealing.

Preferably, a groove opening is oriented parallel to a sur-
face of the filter body. In case of a cylinder-shaped filter
element, for example, the groove of the seal is preferably
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oriented such that the opening of the groove is oriented in the
direction of an inflow or outflow side for the fluid to be
filtered.

The filter element can be furnished, for example, with a
seal which comprises two legs that extend substantially par-
allel to the surface of the filter body and a leg that is arranged
substantially perpendicular to the surface of the filter body.
For example, a U-shaped sealing profile results wherein the
two parallel legs of the resulting U are present so as to extend
circumferentially parallel to the surface of the filter body. Into
the opening of the U or into the groove, a suitable elastic
plastic foam can be cast or injected.

Preferably, the plastic foam is made of a material which is
thixotropic upon injection into the groove. The use of thixo-
tropic foam materials, for example, polyurethane, has the
advantage that, when producing a filter element, the latter can
be present practically in any orientation. The thixotropic
properties during the manufacturing process enable a fast and
inexpensive realization of the sealing concept.

It is moreover conceivable that the plastic foam projects
away from the groove. For example, the foam that is initially
castinto the groove can enlarge the volume during its reaction
time so that in the cured state of the plastic foam it projects
elastically away from the groove. The height of the seal is
therefore flexibly determinable during manufacture.

The seal can have a hard component and a soft component.
By means of the hard component, it can be prevented, for
example, that in the mounted state of the filter element the
filter element cannot perform relative movements relative to a
housing receptacle.

The hard component can rest on the surface of the filter
body, for example, can be attached by means of an adhesive.
The soft component which preferably forms the groove can
be compressed or deformed in the mounted state together
with the injected plastic foam and in this way can provide a
particularly seal-tight closure with the support surfaces of the
housing.

Preferably, the seal is connected by means of an adhesive
on the filter body.

Itis easy to first produce the filter element as well as the seal
individually or separately and, in the actual manufacturing
process, bond them to each other. In this context, the seal can
be extrusion-molded, pre-manufactured as a ring, or can be
existing as continuous material.

Also, a filter arrangement is proposed in which a filter
element as described above is inserted into a filter receptacle
or a filter housing and wherein the seal separates seal-tightly
a raw fluid region from a clean fluid region.

Moreover, a method for producing a filter element is pro-
posed which comprises the steps: attaching a seal extending
circumferentially on the filter body wherein the seal has a
groove. And injecting an elastic plastic foam at least partially
into the groove.

Preferably, this is a method for producing a filter element
for intake air of an internal combustion engine of a motor
vehicle.

Further possible implementations of the invention com-
prise also combinations that are not explicitly mentioned of
features or embodiment forms, described above or in the
following, with regards to the embodiments. In this context, a
person of skill in the art will add also individual aspects as
improvements or supplements to the respective basic form of
the invention.

Further embodiment variants of the invention are the sub-
ject matter of the dependent claims as well as of the embodi-
ments of the invention disclosed in the following. In the
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following, the invention will be explained in more detail with
the aid of embodiments with reference to the attached Fig-
ures.

BRIEF DESCRIPTION OF THE DRAWINGS

It is shown in:

FIG. 1: a schematic illustration of a first embodiment of a
filter arrangement;

FIG. 2: a partial section view of the first embodiment of a
filter arrangement;

FIGS. 3-6: schematic illustrations for explaining a method
for producing a filter element; and

FIG. 7: a partial section view of a second embodiment of a
filter element.

In the Figures, same reference characters identify same or
functionally the same components, inasmuch as nothing to
the contrary is indicated.

DETAILED DESCRIPTION

In FIG. 1 afilter arrangement 10 is illustrated in a principal
view with a partial section view in the lower half of the
drawing. The filter arrangement 10 has a housing 6 with a
cover 5 and an oval filter insert or filter element 1. The cover
5 is designed such that it closes off the housing 6 wherein the
housing 6 together with the cover 5 forms a filter housing or
a filter receptacle. The filter element 1 comprises a filter coil
13 with alternatingly closed-off passages 14 and a seal 3. The
filter coil 13 forms substantially a filter body of the filter
element 1. The seal 3 is arranged between the cover 5 and the
housing 6. The configuration and arrangement of the seal 3
will be explained in more detail with the following Figures.

The cover 5 has an inlet 16 through which the air to be
cleaned can flow into the filter housing. The outlet 17 for the
cleaned air is arranged in the housing 6. The filter insert or
filter element 1 is arranged in such a way in the filter housing
that the inlet 16 is separated seal-tightly from the outlet 17
wherein the filter element 1 extends in axial direction in the
housing 6. On the housing 6, which is formed in this embodi-
ment of a two-part configuration, fastening tabs 18 are pro-
vided with which the housing 6 is secured in its mounting
space. Due to the two-part configuration of the housing 6, it
can be produced by injection molding of plastic material in a
simple and inexpensive way. The two housing parts are con-
nected seal-tightly with each other at a joining region 19
wherein this connection in the region can be generated by
welding or bonding. In the interior of the housing 6, the filter
element 1 is supported, in particular axially or radially, on a
shoulder 20 which is arranged in the vicinity of the connect-
ing region 19. By means of the configuration of the seal 3
described in the following, it is prevented inter alia that the
filter element 1 can perform relative movements relative to
the housing 10. In this way, chafe marks at the filter element
1 are prevented.

The air to be cleaned flows through the inlet 16 into the
filter housing that is formed by the cover 5 and the housing 6.
The not yet cleaned air penetrates in the direction of arrow 21
into the open passages 14 of the filter insert 1. Upon passage
(arrows 22) of the air into the neighboring passages 14 which
are open in the direction of outlet 17, the contaminants are
retained. From these passages 14 which are open in the direc-
tion of the outlet 17 the purified air flows out in direction of
arrow 23 and exits through outlet 17 from the filter housing.

In FIG. 2, a detail of the filter arrangement according to
FIG. 1 is shown in a section view. Of the two-part housing
only the part is illustrated which surrounds the filter insert or
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the filter element 1. The other part of the housing 6 where the
outlet 17 is arranged is not illustrated. The filter coil 13 which
is formed of a filter medium with alternatingly closed-off
passages 14 is wound spirally about a blade 24. The blade 24
is seal-tightly and non-detachably connected with the filter
coil 13. On the side of the blade 24 which is facing the inlet 16,
a removal grip 25 is arranged. By means of the removal grip
25, the filter insert or the filter element 12 can be pulled out of
the housing 6 after removal of the cover 5.

The seal 3 of the filter element 1 comprises a groove 11 that
is embodied in a ring shape about the filter coil, also referred
to as a filter body 13, and in which a plastic foam 4 is pro-
vided. The seal 3 circumferentially extends along a circum-
ferential line about the filter body 13 that has a cylindrical
shape or is oval in horizontal section.

The seal 3 that has a U-shaped profile has a hard component
27 that corresponds to one leg of the U that is resting on the
surface of the filter body. The two other legs are manufactured
from a soft component 26. An adhesive 31 connects the hard
component 27 with the filter body 13. By bonding of the hard
component 27 with the soft component 26 and with the adhe-
sive 31, a fixed bond with the filter body 13 is produced
wherein the filter body 13 cannot perform axial relative move-
ments relative to the seal 15 formed of hard 27 and soft
component 26.

The hard component 27 contacts the oval shaped area 29 of
the housing 10 in the area of a sealing support 28. Since the
hard component as well as the sealing support 28 of the
housing 10 are almost inflexible, the filter element 1 cannot
perform relative movements relative to the housing 10. It is
also possible to manufacture the U-shaped seal of a single
material. In the assembled state, the sealing support 28 com-
presses the elastic plastic foam 4 which is injected into the
groove 11 so that a good sealing action is achieved.

FIG. 3 shows schematic illustrations for explaining a
method for producing an corresponding filter element as well
as a further embodiment of the filter element. In the illustra-
tions 3-6 a detail of a filter element is shown in profile. A filter
body 2 is shown that is embodied, for example, cylindrical or
as an oval in horizontal section, as illustrated in FIGS. 1 and
2. The filter element 1 comprises thus the filter body 2 and a
seal 3 surrounding the filter body 2 circumferentially. The
seal 3, as schematically indicated in FIG. 3, is attached to the
surface 0 of the filter body 2. This can be done, for example,
by bonding.

The seal has in the illustration of FIG. 3 a substantially
U-shaped profile that is formed of three legs 3A, 3B, 3C.
Between the two parallel legs 3A and 3C the groove 11 is thus
formed. The opening of the groove 11 extends thus axially,
i.e., parallel to a surface O of the filter body 2. In the illustrated
embodiment, the groove 11 has no radial opening, i.e., point-
ing perpendicularly away from the surface O.

In a corresponding manufacturing process first the filter
body 2, for example, of a pleated filter material or a filter coil,
is provided. The seal 3 is attached, for example, by means of
an adhesive material, circumferentially arranged about the
filter body 2. The leg 3A extends, for example, along a cir-
cumferential line of the filter body 2. Subsequently, as illus-
trated in FIG. 4, a preferably thixotropic plastic foam 4 is
injected or cast into the groove. The introduction of the plastic
foam, for example, containing PU, can be realized by means
of an injection nozzle or by other conventional extrusion
mechanisms. In the illustration of FIG. 4, the groove is sub-
stantially filled out with the plastic foam 4. The foam 4
solidifies during its reaction time and produces as a conse-
quence a flexible filling of the groove 11.



US 9,242,197 B2

5

Upon reaction or solidification or curing of the plastic foam
4, its volume may enlarge. This is illustrated in FIG. 5. The
plastic foam 4, which is circumferentially extending with the
seal 3 about the filter body, projects from the groove of the
sealing profile. By means of the quantity of injected plastic
foam material it can be adjusted how much the plastic foam 4
will project from the groove in the solidified state. This may
also be referred to as a sealing height that results from the leg
3B and the greatest expansion of the plastic foam 4. In this
context, the resulting sealing height in the proposed sealing
arrangement is flexibly adjustable and can be matched to the
conditions of the mounting site of the filter element 1. For
example, standardized sealing profiles can be pre-manufac-
tured into which plastic foam beads of different strength or
thickness are injected for different filter element types.
Accordingly, auniform and simple manufacturing method for
different filter types can be realized.

In FIG. 6 a typical mounting situation for a filter element 1
in a filter housing is illustrated. In this context, as already
indicated in FIGS. 1 and 2, the filter element 1 is inserted
together with the seal 3 into a housing 6. The housing 6
provides a sealing support 28 on which the seal 3, in particular
with the elastic plastic foam 4, rests and against which it can
be pressed. The pressing action is realized by means of the
cover 5 that, on the one hand, compresses the seal 3 and, on
the other hand, presses onto the sealing support 28 of the
housing 6. Therefore, as illustrated in FIG. 6, a particularly
good sealing action that is circumferentially extending about
the filter body 2 results between a clean air region and a raw
air region which, in the orientation of FIG. 6, are located
above and below the filter body 2.

FIG. 7 shows a further embodiment of a filter element 1.
FIG. 7 shows a detail of the filter element 1 with a filter body
2 that is, for example, designed as a filter coil. In profile, one
can see a seal 3 which is attached to the surface O so as to
circumferentially extend about the filter coil or filter body 2.
The embodiment of the seal 3 is of a multi-part configuration.
A first flat sealing segment 8 that is comprised, for example,
of'ahard component, i.e., a plastic material that is particularly
stable, is resting on the surface O of'the filter body 2. A second
sealing segment 9, for example, of a softer plastic component,
forms a groove or trough 11 into which preferably PU foam 4
is injected. The attachment of the seal 3 on the filter body is
realized, for example, by means of an adhesive 7 that forces
like a wedge the second sealing part 9 forming the groove 11
in radial direction outward away from the filter body 2.

In FIG. 7, an axis Ax is illustrated in dashed lines which
extends parallel to a longitudinal axis of the filter body 2. As
already explained in connection with FIG. 6, a sealing action
along this axis Ax is realized, for example, by pressing
together or compressing the seal 3 by housing support sur-
faces. The seal provides thus an axial sealing action and, only
to a limited extent, a radial sealing action, i.e., acting perpen-
dicular to the filter body 2. When the part 9 of the seal 3 that
forms the groove 11 comprises a soft component that, for
example, corresponds with regard to its flexibility to the PU
foam 4, the entire area of the seal 3 which projects approxi-
mately radially away from the filter body 2 can be compressed
and can serve as a sealing material, for example, between
support surfaces. On the other hand, the sealing area 8 that is
embodied as a hard component provides a particularly stable
attachment and prevents relative movements of the entire
filter element in the receptacle or the housing, not illustrated
here.

The proposed filter element with the axially acting sealing
concept which comprises PU foam and can be produced in
particular with thixotropic PU foam leads to cost savings and
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simplified stock keeping because any sealing height can be
achieved by the design of the foamed-in plastic 4. The actual
circumferentially extending sealing ring must therefore not
be matched to different filter element types. The sealing ring
that forms the groove can be produced, for example, from a
two-component plastic part. In this context, the sealing pro-
files are conceivable, for example, in the form of continuous
material or pre-manufactured rings that can be pushed over a
filter body and attached thereto.

Even though the present invention has been explained with
the aid of preferred embodiments, it is not limited thereto but
can be modified in many ways.

The invention claimed is:

1. A filter element for intake air of an internal combustion
engine of a motor vehicle or of a compressor, comprising:

a filter body having circumferential outer surface and axi-

ally opposing end faces; and

a seal arrangement;

wherein the seal arrangement comprises:

a seal member arranged on and secured onto the circum-
ferential outer surface of the filter body and arranged
between the end faces and spaced axially away from
the end faces, the seal member arranged so as to
circumferentially extend about the filter body on the
circumferential outer surface;

wherein the seal member is a ring-shaped seal member
having a U-shaped cross-section, the seal member
having:

a first axially leg extending axially and arranged on
and contacting the circumferential outer surface of
the filter body;

a third axially extending leg substantially parallel to
the first leg and spaced radially outwardly away
from the first leg;

a radially outwardly projecting second leg projecting
outwardly substantially perpendicular to the cir-
cumferential outer surface of the filter body, the
second leg having opposing ends connected
directly onto an axial end of the first leg and to an
axial end of the third leg;

wherein the first and third legs are substantially par-
allel to each other and to the circumferential outer
surface of the filter body;

wherein the first, second and third leg form the
U-shaped cross section;

wherein the seal member forms a groove inside the seal
member, the groove opening to the exterior of the seal
member on a first side of the seal member;

an elastic plastic foam operable to form a seal is arranged
in the groove.

2. The filter element according to claim 1, wherein

the groove opening is oriented to open from the seal mem-

ber is a direction parallel to the circumferential outer

surface of the filter body.

3. The filter element according to claim 1, wherein

the plastic foam is a polyurethane material.

4. The filter element according to claim 1, wherein

the plastic foam comprises a material, which upon injec-

tion into the groove, is thixotropic.

5. The filter element according to claim 1, wherein

the plastic foam in the groove projects outwardly from of

the groove and outwardly from the seal member.

6. The filter element according to claim 1, wherein

at least one of the legs of the seal member is a soft compo-

nent;

at least one of the legs of the seal member is hard compo-

nent;
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wherein the at least one soft component legs is bonded onto
the at least one hard component legs.

7. The filter element according to claim 1, wherein

the first leg has a hard component leg portion joined to a
soft component leg portion, the hard component leg
portion bonded onto a soft component leg portion form-
ing the first leg;

wherein the hard component leg portion lies on and con-
tacting the circumferential outer surface of the filter
body;

wherein the soft component leg portion is arranged on a
radially interior side of the hard component leg portion
and is spaced radially outwardly away from the circum-
ferential outer surface of the filter body.

8. The filter element according to claim 7, wherein

at least one leg of the seal member is adhesively bonded
directly onto circumferential outer surface of the filter
body.

9. A method for producing the filter element according to

claim 1, comprising:

providing a filter body;

providing a ring-shaped seal member having a U-shaped
cross-section, the seal member having:
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a first leg;

a third leg substantially parallel to the first leg and
spaced radially outwardly away from the first leg;

a radially outwardly projecting second leg connected
directly at opposing ends onto an axial end of the first
leg and to an axial end of the third leg;

wherein the first and third legs are substantially parallel
to each other;

wherein the first, second and third leg form the U-shaped
cross section;

wherein the seal member forms a groove inside the seal
member, the groove opening to the exterior of the seal
member on a first side of the seal member;

arranging the seal member on a circumferential outer sur-
face of the filter body between and spaced away from
axial end faces of the filter body;

attaching the first leg of the seal member onto a circumfer-
ential outer surface of the filter body so as to circumfer-
entially extend about the filter body;

injecting an elastic plastic foam into the groove through a
groove opening of the seal member so as to at least
partially fill the groove to form a seal arrangement.
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